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SUMMARY

Theresultsofa wind-tunnelinvestigationto determinetheeffects
ofmoderateamountsof camberontheaerodynamiccharacteristicsofa
10-percent-thickmodifiedl?ACAfour-digit-seriesairfoilsectionare
presentedforMachnumbersfrom0.3to0.9.ThecorrespondingReynolds
numbervariationwasfromapproximately1 x 108to2 x 1(7. Thecharac-
teristicsofairfoilsectionscamberedfordesignliftcoefficientsof
0.2
the

ber
and

and0.4onanNACA a = 0.8 meanlineare~ompsredwiththoseof
correspondinguncamberedprofile.

Theresultsindicatethattheprincipaleffectsof increasingcam-
werean increaseinmaximumliftcoefficientandincreasesinlift-
drag+ivergenceMachnumbersatmoderateto largeliftcoefficients.

IWI!RODUCTION

ConsiderableinteresthasbeenshownrecentlyinthemodifiedI?ACA
four-digit-seriesairfoilsectionforhigh-subsonic-speedapplications.
Examinationofreferences1 and2 reveal;thatdrag-d~verge~~eMach
numbersup tomoderateliftcoefficientsfora symmetrical,10-percent-
thickairfoilofthistypearesuperiorto thosefora comparableNACA
6-seriesproffle.’Forsomeapplications,notablythehigh-speedtrans-
port.a~lane, thisadvantageindrag-divergencecharacteristicsmight
dictatetheselectionofa modifiedfour-digit-seriesairfoiloverthe
commonly&ed MM 64-seriesthiclmessdistribution.Ittherefore
becomesof interesttobow theeffectsof cauiberonthecharacteristics
ofmodifiedNACAfour-digit-seriesprofiles.

ThepresentinvestigationwasundertakenintheAmes1-bY 3-1/2-
. foothigh-speedwindtunnelto determinetheeffectsofmoderateamounts

of ctierOritheaerodynamiccharacteristicsofa lo-percent-chord-thick
modifiedfour-digit-seriesairfoilsectionathighsubsonicMachnumbers.

,. Theairfoilsinvestigatedwerecaniberedfordesignliftcoefficientsof
0.2and0.4onan~~ a = 0.8 meancauiberline. (Seeref.3.)
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NOTATION

mean-linedesignation,fraction
which

section

section

section

designloadisuniform

lift-curveslope,perdeg

dragcoefficient

liftcoefficient

of chordfromleadingedgeover

designsectionliftcoefficient

maximumsectionliftcoefficient

sectionpitching-momentcoefficientaboutthequarter-chord
point

free-streamMachnumber

drag-divergenceMach

()

dcdwhich
x a. =

lift-dlnrgenceMach

nuuiber,definedas theMachnuniberat

= 0.1
constant o

number,definedas theMachnumbercorre- .
spendingtotheinitialinflectionpointof curvesof section
liftcoefficientversusMachnumberat constantangleofattack

Reynoldsnumber

sectionangleofattack,deg

DESCREl!IOIVOFAIRFom

Theairfoilsectionsofthepresentinvestigationare:

NACA0010 - 1.10 40/1.o~l
NACA0010 - 1.1o40/1.051)Czi= 0.2,a = 0.8

NACA0010- 1.1o40/1.051,Czl=0.4,a = 0.8

Thenumberingsystemforthe.firstairfoilsectionisthatusually .
employedforthedesignationofa modifiedNACAfour-digit-seriesairfoil
section.(Seeref.1.) Thefirstdigitindicatesthecamberinpercent
ofthechord;thesecond,thepositionofthecamberintenthsofthe

.

chordfromtheleadingedge;andthethirdandfourth,themaximumthickness
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inpercentofthechord.Thedecimalnuniberfollowingthedashisthe
leading-edge-radiusindex;theleading-edgeradiusas a fractionofthe
airfoilchordisgivenby theproductoftheradiusindexandthesquare
ofthethickness-chordratio.Theradiusindexof 1.10is standardfor
theNACAfour-digit-seriesairfoilsections.Thetwodigitsimmediately
precedingthevirgulerepresentthepositionofmaximumthicknessinper-
centofthechordfromtheleadingedge.Thenumberimmediatelyfollowing
thevirguleisthetrailing-edge-angleindex,theanglebeingtwicethe
arctangentof theproductoftheangleindexandthethickness-chord
ratio.

Thedesignationofthesecondandthirdairfoilsindicatesm NACA
0010 - 1.10 kl/1.0~1 basicthiclmessformcamberedfordesignlift
coefficientsof0.2and0.4,respectively,onanww a = 0.8 meanline.
(Seeref.3.)

ThecoordinatesoftheairfoilsinvestigatedaregivenintableI
andtheprofileshapesareillustratedinfigure1.

APPARATUSANDTESTS

TheinvestigationwasconductedintheAmes1-by 3-1/2-foothigh-
speedwindtunnel,a low-turbulencetwo-dimensional-flowwindtunnel.

Six-inch-chordmodelswereconstructedofaluminumalloyandcom-
pletelyspannedthel-footdimensionofthetunneltestsection.Con-
touredsponge-rubbergasketscompressedbetweenthemodelendsandthe
tunnelwallspreventedendleakage.

Measurementsoflift,drag,andpitchingmomentaboutthequarter-
chordpointweremadesimultaneouslyatMachnumbersrangingfrom0.3to
approximately0.9forthemodelsat anglesofattackincreasingby
incrementsof1° or20 from-6°to U“. Thisrangeofanglesofattack
wassufficientto encompassnegativeliftatallMachnunibersandthe
liftstallup toal!achnumberof0.775.TheReynoldsnumbervariation
withMachnumberforthesetestsis shownin figure2.

Liftforcesandpitchingmomentsweredetermined,by a method
similarto thatdescribedinreference3, fromintegrationsofthe
pressurereactionsonthetunnelwallsproducedby theforcesontheair-
foils. Dragforces weredeterminedfromwake-surveymeasurementsmade
witha rakeoftotal-headtubes.
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RESULTSANDDISCUSSION

Sectionlift,quarter-chordpitching-moment,anddragcoefficients
arepresentedas functionsofMachnuniberat constantanglesofattack
infigures3,4,and5,respectively,forthebasicNACA0010- 1.10
4-O/l.0~1airfoilsectionandforthesameprofilecamberedfordesign
liftcoefficientsof0.2 and0.4 onanNACA a = 0.8 meanline. The
characteristicsfortheuncamberedsectionwerereplottedfromthe
originaldatafortheinvestigationofreference1. Thevariationsof
liftcoefficientwithangleofattackat constantMachnumbersreshown
infigure6 forthethreeairfoils.Correctionsfortunnel-wall.inter-
ferenceby themethodsofreference4 havebeenappliedto thedata.The
resultsshownas dashedportionsofthecurvesshouldbe usedwithcaution
becauseofthepossibleinfluenceofwind-tunnelchokingeffectsinthis
region.

Lift

Theeffectsof increasing

Characteristics

cauiberontherespectivevariationswith
Machnumberoflift-curveslopeandangleofattackreqy.iredtomaintain
a given~ft coeffici~tforthemotifiedfore-digit-seriesairfoil
section(figs.7 and8)aresimilartothosenotedinreference5 for
NACA64A-seriesairfoilsofthesamethictiess.

Maximumsectionliftcoefficientasa functionofMachnumberis
presentedinfigure9 forthe3 four-digit-seriesairfoils.Itis
observedthatincreasingcamberproduced,at leastqualitatively,the
anticipatedincreaseintimum liftcoefficientatalllkchnmibers.
Theincrementnotedforthe&mnge indesignliftcoefficientfromO to
0.2isunrealisticallylargeandisattributedtotheeffectsofmodel
surfaceconditiononmaximumliftcoefficient.Recentexperimentsatthe
scaleofthepresentinvestigationhavedemonstratedthatanydeterio-
rationofmodelsurfacefinishfroma highlypolishedstateresultsin
significantlyreducedmaximumlift. Thecamberedmodelsofthepresent
testsweremaintainedina highlypolishedconditionthroughoutthetests
whilethesymmetricalsectionofreference1 wasnot. Thesurfaceofthe
latterprofilewaserodedas a resultofimpingementathighspeedsof
fipedustandgritparticlesontheleading-edgeregion.Forthisreason
themaxiunlmliftcoefficientsofthesymmetricalairfoilarenotdirectly
comparabletothoseofthecamberedairfoils.

Lift-divergenceMachnuuiber,Mz,asa functionofliftcoefficient
ispresentedinfigure10 fortheairfoilsinvestigated.Itis seenthat
increasingcamberreducesthelift-divergenceMachnumberatlowlift
coefficientsandincreasesthevalueofthisparameteratmoderateto
lszgeliftcoefficients.TheseresultswerealsoobservedfortheNACA
64A-seriesairfoilsofreference5.

.

.
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Pitching-MomentCharacteristics

Thevariationof pitching-momentcoefficientwithliftcoefficient
at constantMachnumiberisshownin figure11 forthethreeairfoils.
Theeffectof camberisto increasenegativelytheslopesofthepitching-
momentcurvesat thehighestMachnumbers.

DragCharacteristics

Dragcoefficientispresentedas a functionofliftcoefficientat
constantMachnumberinfigure12 fortheprofilesinvestigated.The
anticipatedbenefitsof camberinreducingthedragcoefficientat the
higherliftcoefficientsaregenerallyevidentinthisfQure.

Thevariationofdrag-divergenceMachnumberwithliftcoefficient
isshowninfigure13 forthevariousairfoilsections.Thedrag-
divergence MachnuniberisarbitrarilydefinedastheMachnuder for
whichtheslopeofthecurveofdragcoefficientas a functionofMach
numberat a constsntangleofattackequals0.1. TheMachnumberfor
dragdivergenceisaffectedby catierinmuchthesamemanneraswasthe
lift-divergenceMachnuniber.Toomuchsignificanceshouldnotbe ascribed
to this~ameter becauseof itsarbitrarydefinition(whichdoesnot
takeintoaccountthemagnitudeofthesubcriticaldrag);it shouldbe
regardedmoreasa qualitativefigureofmeritthamasa quantitative
standardforairfoilselection.

CONCLUSIONS

Theresultsofa wind-tunnelinvestigationto determinetheeffects
ofmoderateamountsof camberonthevariationwithMachnuniberofthe
aerodynamiccharacteristicsofa 10-percent-thickmodifiedNACAfour-
digit-seriesairfoilsectionleadtothefollowingconclusions:

1. An increasein caniberfromO to 0.4 designsectionlift
coefficientresultedinan increaseinmaximumliftcoefficient.The
effectsontherespectivevariationswithB@chnuuiberoflift-curve
slopeandangleofattackrequiredtomaintaina givenliftcoefficient
were similar tothoseonthecorrespondingcharacteristicsofanNACA
6-seriesairfoilofthesamethictiess.

——
——.———
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2. Increasingamountsof camberproduceddecreasesinlift-and
drag-divergenceMachnumbersatlowliftcoefficientsandincreasesIn
thevaluesoftheseparametersatmoderateto largeliftcoefficients.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.,July7,1953
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[ Stations and ordinate~ in percent of airfoil chord]
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Station

o
1.25
2.5
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10
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2.0
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2
70
83
90
95

100
.E. radius: 1

ordinate

L.&i
1.966
2.X9
3.009
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3.845
4.24o
4.791
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4.783
4.197
3,338
2.303
1.193

.638
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l-percentchore
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?A%tioT

o

3%1.1
‘2. 6
4.857
7.357
9.8&I

14.870
19.894
29.916
39.99
kg.~4
60.030
70.059
ED.085
90.0s1
95.032
.00.034

,.E. m

lrdlnate

o
1.595
2.177
2.933
3.!x@
3.943
4.640
5.M!a
5,963
6.305
6. I-4J.

?
. 5Q6
.545

3.29
1.678

.870

.100

-

Wwer surface

Statiol

o

P:: 34
5.143
7.644

10.140
15.130
20,1i6

%%
w .(x16
59.970
69.941
79.915
89.939
94.969
99.9%
-garcen

)rainate

o
-1.3
-1.7 i!?
-2.217
-2.939
-2.725
-3.046
-3.289
-3.fi8
-3.694
-3.425
-2.M8
-2.130
-1.349
-.704
-.405
-.1(XI

chord
ilopa of radius throughL.E.: O.0~

U@Per ml-face

3tation

i .016
2.234
4.715
7.214
9.720

14.741
19.767
29.832
39.9o8
W/3a:

70:117
IM .169
$Q.121
95.053
@). @

G

)rdinat

;.6g4
‘2. 379
3.310
3.989
4.*
5.430
6.133
7.133
7.61o
7.499
6.854
5.73
4.2o7
2.161
1.1(XI

. la)

us: 1.

Lower ,9Urface

statioI

o
1.484
2.7E%
5.285
7.7%

10.280
15.259
20.233
30.169
40.092
W.01.2
59.939
69.883
79.831
89.879
94.937
99.99
bpercen

kcdinate

o
-1.201
-1.517
-1.837
-2. c02
-2.108
-2.242
-2.334
-2.443
-2.389
-2.67
-1.539

-.921
-.3%
-.213
-.170
-.NXI

chord
lopeof radius throughL.E.: O.1~



8
NACATN2998



MCA‘IN2998 9

.

r

,-

NACA 0010-/.10 40/L051 ukfm7 swtion

ffACA 00/0-1.10 40/L051, CG=0.2, 0=0.8 airfoil section

NACA 0010-1.10 40/1.051, qi=0.4, o=0.8 airfoil section

w

Figure1.- A!AGAoirfol’ profiles investigated.
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.“ .2 .3 .4 .5 .6 .7 .8 .9 Lo
Mach numbe~M

(a) /VACA0010-/.10 401/.051uirfoil section.

Figure3.- Vuridion of sectionlift coefficientwithMachnumberd
constantsectionanglesof oftock.
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Mach number,M

(b) ffACA0010-LIO 40/L051, qi=0.2, u=0.8 uirfoil section.

Figure3.- Continued.
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(c) NAGA00/0-/./0 40/1.051, qiS0.4, 0=0.8 uidoil section.

Figure 3.- Concluded.
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la) At’ACA00/0-/.10 40/L051 oirfoil section.

Figure5.- Voriutionof sectiondreg coefficientwith Muchnumberd.
constantsectionunglesof ffttuck.
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[b) NACA0010-1./0 40/[051, q{=0.2, u=O.8 uidoil section.

Figure 5.- Continued.
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Figure 5.- Concluded.
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(c) jVACA00/0-1./0 40/1051, ~=0.2, 0=0.8 aidoil section;
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Figure 12.-Continued.
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(e) A!AGA0010-/./0 40//.05/, ~.=0.4, a=0.8 airfoil section;
M, 0.30 to 0.75.

Figure /2.- Continued.
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(f) /VACA00/0-1/0 40/KW, q=O.4,0=0.8

M, 0775 to 0.8Z5.

Figure /2.- Concluded.
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